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Abstract—In this paper we provide details of the 
enhancements made to a front-end web design and development 
course.   The Computer Information Systems (CIS) course 
successfully teaches HTML, CSS, and JavaScript with 
supporting libraries. A practical experiential project provides 
foundational concepts and provides web design front end 
developer knowledge and most in-demand skills. Our focus in 
this paper is on advanced JavaScript – specifically frameworks, 
libraries and packages. In particular we demonstrate the 
flexibility, versatility and power of Vue.js in this paper.  Topics 
covered include the Vue instance, expressions, directives, 
attribute binding, conditionals and loops, event handling and 
methods, and class and style binding. The paper describes a 
pedagogically well-defined application which continuously 
builds upon these topics.  
Keywords—Web applications, JavaScript, Vue.js, Computer 
science education 
I. INTRODUCTION 
The web has become inextricably intertwined with our 
social and professional lives in a way that makes us wonder 
what exciting new change it will bring in the near future [1]. 
Given the current situation of the pandemic, we have to note 
that it has becoming a saving grace – it has evolved very 
quickly to sustain business practices ranging from shopping to 
education. We will see the web continue to evolve and 
improve various aspects of our lives.  
Boston University (BU) Metropolitan College (MET) 
launched a graduate program in ecommerce at the turn of the 
century. Designed for a broad spectrum of people interested in 
the dawn of the dot com era, a key course in the program was 
the web application development fundamentals course. This 
course introduced the landscape of the web ranging from 
technology and architecture to HTML, CSS, scripting 
languages and server-side languages. Subsequently a graduate 
certificate was introduced exclusively for computer science 
students where the course of interest in our research MET CS 
601 Web Application Development (WAD) was designed to 
be a capstone course. 
The students in the WAD program are introduced to the 
fundamental concepts of web applications, providing a 
comprehensive coverage of both client-side and server-side 
development. The latest topics in JavaScript, CSS, HTML5, 
jQuery, AngularJS, PHP, and Node.js are widely covered. 
Students also learn, and work with, cutting-edge technologies 
for building desktop and mobile web applications. Students 
create real-world web application projects that also involve 
interacting with databases such as Oracle, MySQL, and 
NoSQL databases like MongoDB. According the program 
learning outcomes or WAD program, sstudents who complete 
the Computer Information Systems master’s WAD CIS 
concentration will be able to demonstrate the following 
competencies: (1) Advanced knowledge in the analysis and 
documentation of requirements for architecture, design, and 
implementation of computer applications systems, (2) 
Proficiency in software and computing skills as they pertain 
to the design and implementation of database systems, data 
communications, systems analysis, and design, (3) 
Competence sufficient to identify current and emerging 
information technologies that may have strategic value for 
enterprise; assess where those technologies have value; and 
manage the implementation of those technologies in the 
enterprise, (4) Advanced knowledge of web application 
development languages, (5) Proficiency in one or two server-
side web language/platform-specific technologies like Java 
and .NET, and client-side languages like JavaScript, (6) 
Competence sufficient to apply acquired knowledge in 
migrating to new and emerging standards and technologies.  
Within this context MET CS 601 is a critical foundational 
course. It can be taken as a stand-alone course and the first 
course in the program. One key aspect of the course is 
flexibility – students from a broad spectrum are interested in 
the course. Some are beginners and some are advanced with 
working experience in the field as front-end developers or full 
stack developers. The course has been designed to very gently 
introduce the foundational concepts so that the novice student 
is able to explore the web application tools, and languages, 
and the advanced students who able to develop their existing 
strengths and master new ones within the context of a 
technically oriented capstone project. All students have access 
to supplemental material and links which helps them to 
develop new skills at their own pace.     
II. JAVASCRIPT TOPICS 
A. WAD Course 
In order to provide a solid foundation for students prior to 
introducing Vue.js in the latter half of the web development 
course, a comprehensive overview of JavaScript is provided 
in several modules. We recommend the following JavaScript 
topics: 
Topic Description 
Statements & Expressions 
How instructions are written in 
JavaScript in order to perform 
specific tasks. 
Operators Operators are responsible for how data values are manipulated. 
Variables and Data Types 
Variables refer to values 
symbolically and data types describe 
them (String, Object, Boolean). 
Topic Description 
Control Structures Control structures include conditional statements and loops. 
Functions 
Functions allow statements to be 
logically group together for the 
purpose of reuse. 
Arrays Arrays make it possible to store multiple values in a single variable. 
Objects Objects describe collection of properties and behaviors. 
Document Object Model 
DOM allows the contents of the 
HTML page to be accessed and 
modified by JavaScript. 
Regular Expressions and 
String Methods 
These are used to describe search 
patterns and manipulate strings 
Namespaces or Packages 
Sometimes called packages, 
namespaces group code together, 
manage scope, and facilitate modular 
code. 
Asynchronous JavaScript 
and XML (AJAX) 
AJAX enables webpage content to 
update dynamically without the 
entire page needing to be reloaded. 
JavaScript Object 
Notation (JSON) 
JSON is a data interchange format 
based on JavaScript. It can be read 
and used by any programming 
language. 
ECMAScript 6 (ES6) 
ES6 represents a newer, more 
powerful set of JavaScript features, 
which include template strings, 
promises, arrow functions, and more. 
B. JavaScript Libraries and Framework 
A library or framework is a JavaScript tool that facilitates 
the development of web applications by providing pre-written 
code, often with functionality that adds rich interactivity [2]. 
Such functionality might include client-side routing, the 
manipulation of data, and handling complex states. Visual 
design, charting and dashboards, animation, drag and drop, 
and event handling are among some of the purposes served by 
frameworks, which ultimately ease and shorten the web 
development process [3]. 
Interactivity in the context of web applications became 
prominent in the mid-2000s, when engaging users became a 
more significant focus for developers and social media 
companies were established [4]. When the jQuery library was 
released in 2006, client-side scripting was greatly simplified. 
Known for solving JavaScript’s primary challenges – 
complexity and cross-browser compatibility – jQuery allows 
developers to accomplish JavaScript tasks using significantly 
less code [5]. With jQuery, user interface elements, such as 
drop-down menus and date-picker calendars, can easily be 
created.  
Front-end frameworks – which include Vue.js – later 
followed the release of jQuery. One such framework was 
Angular, which was created by Google in 2010 and has 
undergone multiple iterations since its introduction [6]. 
Known for its emphasis on the use of reusable 
components, React was first released in 2013 and is designed 
for building user interfaces for both small- and large-scale 
projects. Vue.js, our choice of framework for the web 
development course, is the newest of the aforementioned 
frameworks. Released in 2014 and developed with 
adaptability in mind, it has the reputation of being nimble and 
modern in comparison to other JavaScript frameworks [6]. 
III. WHY VU.JS 
Vue.js is considered to be one of the most popular 
JavaScript frameworks, and was especially appropriate for the 
CS601 course due to its ease of use and integration. Vue does 
not require specialized knowledge, as a developer only works 
with familiar tools: HTML, CSS, and JavaScript [4]. 
Moreover, its simplicity makes it easier to get started with 
compared to its main rivals, React.js and Angular [7].  
As such, Vue is ideal for those just getting started with 
JavaScript frameworks, and is well-suited for the sample 
application that students reference as they work through the 
web development course’s module content.  Having 
introduced Vue.js across two semesters, we believe that 
above assertions are true. Students who are familiar with 
some of alternate libraries also provided feedback during the 
project presentations that seem to concur with our 
observations.   
With students transitioning from foundational JavaScript 
topics in the beginning of the course to an introduction to 
JavaScript frameworks, ensuring that those topics would 
translate well was also an important consideration. Vue.js has 
features that allow for common JavaScript tasks, such as 
writing to the DOM and listening to events, which enables 
students to take their JavaScript knowledge to the next level 
[2]. Students can more comfortably take previously learned 
concepts and build from them to not only facilitate 
understanding, but to also apply them to their Vue-specific 
counterparts. Furthermore, students needing additional help or 
wanting to explore advanced Vue topics benefit from Vue’s 
excellent documentation, supportive community of 
developers, and continuously evolving list of plugins, 
integrations, and extensions [4]. 
Vue.js also offers benefits that may assist in the real-world 
working environment and be useful for students after the 
completion of the web development course. For instance, 
incremental adoption is inherent to Vue, so developers have 
the ability to add new features to existing projects without 
rewriting current code [8]. We noticed that students could 
easily integrate their current projects written in different 
libraries with Vue.js. 
Considering that some students may already be working 
with established applications for their present employers, this 
is advantageous, as Vue is flexible enough to serve everything 
from an individual webpage to the entire basis of an 
application [4]. 
IV. THE CURRICULUM 
In this section we introduce the Vue.js curriculum and 
illustrate the topics pedagogically.  
A. Vue.Js Topics 
For beginners we recommend that Vue.js be introduced as a 
single module that provides a brief introduction to the 
framework. The specific Vue.js topics that can be covered in 
this module should include: The Vue instance, Expressions, 
Directives, Attribute binding, Conditionals and loops, Event 
handling and methods, Class and style binding. This is a 
good-sized scope; it covers the foundational topics but also 
provides some depth. We have scoped out some advanced 
topics due to time constraints. Our application demonstrates 
each of the above topics, each one building upon the last. 
B. The Vue Instance 
Every Vue application starts by creating a new Vue instance 
with the Vue function: 
 
var vm = new Vue({ 
  // options 
}) 
The below figures reference the sample application that 
introduces Vue to students in the course.  
 
Fig. 1. Implementation of the Vue instance 
 
The above represents the initial code snippet used to 
integrate Vue.js in the sample application. The Vue script 
is included via a content delivery network (CDN), and a 
new Vue instance with the appropriate object properties 
are assigned to a variable. 
 
Fig. 2. Sample Use of Expression 
 
Figure 2 represents how a value can be injected into a 
specific part of a Vue application – in this case, the value of 
the courseName property – by wrapping the property inside 
double curly braces. The result is an expression that renders 
data in the Vue application. 
 
C. Browser Display 
The browser will display the code translated into pure 
HTML. In our case we will see the text displaying our course. 
 
Fig. 3. The sample Vue.js application in a web browser 
 
Figure 3 represents the view, or front-end, of the sample 
application in a web browser. Vue has replaced the 
expression in Figure 2 with the value of the courseName 
property: CS601: Web Application Development. 
 
Finally, we show how Vue is attached to an HTML element. 
 
Fig. 4. Attaching Vue to an HTML element 
 
Figure 4 represents how the el property of the Vue instance 
is set to #app. This activates Vue on a <div> with id 
attribute app. 
D. Conditionals and Loops 
Vue makes it possible to control the structure of the DOM 
via the v-if and v-else directives. To render an element 
based on a particular condition – if a course has an online 
offering or not, for example – we can toggle the presence 
of one of the two <p> elements: 
<p>Offered on campus only</p> 
<p>Offered on campus and online</p> 
To do so, we add another data property for offeredOnline 
and use the v-if and v-else directives to control which 
element is rendered. If offeredOnline is true, the first 
paragraph is rendered; if it’s false, the second paragraph is 
rendered. 
<!--Bind link property from Vue 
instance--> 
            <a v-bind:href="link">View 
Course Details</a> 
            <p v-
if="offeredOnline">Offered on campus  
and online</p>  
 
            <p v-else>Offered on campus  
only</p>  
 
If we wish to display all the pre-requisites The v-for directive 
can be used to iterate over an array. Our data is updated to 
include prerequisites for CS601: 
 
var app = new Vue({ 
    el: '#app', 
    data: { 
        courseName: 'CS601: Web 
Application Development', 
        link: 
'http://www.bu.edu/csmet/academic-
programs/courses/cs601/', 
        logoSrc: './images/bu-logo.gif' 
        offeredOnline: true, 
        offeredBlended: true, 
        prerequisites: [ 
            'CS200', 
            'CS231', 
            'CS232', 
            'CS300' 
        ] 
     } 
 
E. Event Handling 
Events in Vue are handled via the v-on directive. 
Alternatively, its shorthand, @, may be used. Any DOM 
event can be listened to, such as click, mouseover, or submit. 
Assuming we have a button in the above code to see the 
prerequisites we would have a method that would trigger. 
 
 
     methods: { 
        goToStudentLink: function() { 
            alert('You will be 
redirected to Student Link.') 
            window.location.href = 
'https://www.bu.edu/studentlink' 
        } 
     } 
We recommend concluding the tutorial with a discussion of 
Class and Style Binding.  Using the v-bind:class directive, 
we can pass an object with one or more classes to an 
element, as well as toggle the presence of those classes based 
on the truthiness of specific data properties. The following 
illustration shows how we tutor students to disable the 
Register Now option via style binding. 
  
  
There are several different ways to bind classes and inline 
styles to HTML elements in Vue. For brevity, you may want 
to focus on the object syntax method, but feel free to 
recommend to students the official Vue documentation and 
explore other methods. 
 
V. TERM PROJECTS 
Students are asked to create a sample term project based 
on their own journey mastering CIS skills in the department 
across courses. This is a great opportunity to showcase what 
they have learned not in WAD areas but also programming, 
systems analysis, and database management. Showcasing 
such competency has helped students obtain jobs.  Students 
are required to show some Vue code, whether it is one page or 
several pages. 
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